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Abstract: Based on dislocation theory of Okada, we adopted a finite-element fault model inverted by Gavin 
Hayes from seismic data for the 2011 Japan Mw9. 0 earthquake, and obtained the corresponding surface dis-
placement and strain fields. The calculated displacement field is consistent with the observed GPS results in 
the trend of changes. Also the surface displacement and strain fields both show large variations in space. 
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1 Introduction 
The magnitude 9. 0 Japan earthquake which occurred 
near the northeastern coast of Honshu in Japan on 
March 11 , 2011 had a long duration of 150 s to 300 s 
and generated tsunami waves 10-meters-high[!J. The 
earthquake and the tsunami together caused many 
deaths and property losses[']. 
Several previous studies suggested that the earth-
quake was caused by an eastward thrust movement of 
the Eurasian plate, under which the Pacific plate dra-
matically subducted westward fron Japan Trench [3J. 
However, according to Seno' s division of the North-
eastern - Asian plate [ 4 l , we consider the earthquake to 
be a typical plate-margin event located in the Okhotsk 
micro-plate, which is part of the North America plate. 
At the latitude of this earthquake , the Pacific plate 
moves approximately westwards with respect to the 
North America plate at a rate of 83 mm/ a and begins 
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its descent beneath Japan at the Japan Trench[S-!OJ. 
In this study, we used the latest finite-element mod-
el provided by the USGS on the basis of inversion of 
seismic data and the dislocation model of Okada to cal-
culate the surface displacement and strain caused by 
this earthquake. 
2 Calculation method 
Dislocation theory has been used to interpret the rela-
tionship between the distribution of dislocation along a 
discontinuous plane and the displacement field in the 
surrounding continuous medium. The complete set of 
analytical expressions derived by Okada[ll-!7] have 
been commonly used to calculate crustal-displacement 
field caused by a strike-slip , normal, or thrust fault. 
where ,\ and p. are the Lame constants, v, is the includ-
ed angle cosine of the normal line of point source sur-
face. z/, is displacement component i caused by force F 
at point ( ~1 , ~2 , ~3 ) in direction j. This expression is 
applicable to analyzing both the static displacement and 
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the strain changes caused by an earthquake. 
3 Finite-element fault model 
According to the USGS website , this earthquake had 
an epicentrallocation of (38. 322°N, 142. 369°E), a 
focal depth of 32 km, and a seismic moment of 3. 6 x 
1022 Nm. The strike and plrmge angles of the principal 
compressive stress axis are 115° and 32°, respective-
ly; the strike and plunge angles of the principal tensile 
stress axis are 306° and 58°, respectively. The strike, 
dip and slip angle of the two nodal planes are 29°, 
77°, 95° and 187°, 14°, 68°, respectively. The pa-
rameters given by GCMT were somewhat different, but 
both showed that this earthquake was the result of a 
low-angle thrust faulting. 
Many studies have been carried out on the seismic 
rupture of this earthquake[ 18 ' 191 , they all showed it to 
he bidirectional spreading to a breadth of 400 km in 
the south-north direction in 120 seconds. In this stud-
y , we used a finite-element model which had been in-
versed from GSN broadband seismic waveforms by 
Gavin Hayes[20' 211 • This model consists of 364 nodes 
and 325 finite-element grids, with 25 x 13 along the 
strike and dip directions of the fault plane. The area of 
each elemental grid is about 500 km2 • The Poisson ' s 
ratio IL is 0. 25 and Young modulus E is 8 x 1010 Pa. 
The friction coefficient/ is 0. 4 and the dip angle of the 
0 
fault plane is about 10. 21 o. The top of the fault plane 
is at a depth of 6. 95 km and the bottom at 53. 04 km 
(Fig. 1). 
4 Calculation results 
4. 1 Displacement field 
The calculated horizontal-displacements on earth ' s 
surlace are oriented predominantly from west to east, 
pointing approximately to the epicenter ( Fig. 2) . 
The displacements in the region north of 38°N ( lati-
tude of the epicenter ) are larger than those south of 
38°N and are pointing approximately toward southeast. 
The displacement increases gradually with decreasing 
epicentral distance , being, for example , about 50 em 
at Aomori and 100 em at Morioka, located 128 km SSE 
of Aomori . 
In the region SSE of 38°N, the horizontal displace-
ments are smaller and show an approximately EW 
orientation, not pointing to the epicenter as much. 
This difference in direction may he due to non-symmet-
rical rupture propagation at the seismic source. The 
maximum horizontal displacement is 400 em, near the 
epicenter. 
The calculated vertical displacement field is more 
complicated than the horizontal ( Fig. 3 ) . The results 
shows a downward displacement in the area between 
X(km) 
Figure 1 The finite fault model for the earthquake[ll] 
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eastern Houshu and the Trench of Japan, but an 
upward displacement in a wider area with a borderline 
approximately coincident with the coastline. The large 
displacements around the northern and southern bound-
aries are caused by boundary effect in the calculation; 
they should be neglected. 
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Figure 2 Calculated horizontal displacement field 
produced by the earthquake 
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Figure 3 Calculated vertical displacement field 
produced by the earthquake 
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The vertical-displacement contours distribute roughly 
in NNE direction , with displacement largely increasing 
from west to east. The maximum subsidence along the 
east coast of Japan is - 30 em. In the positive-dis-
placement area , there exist three maxima along the 
west Japan trench, the most prominent being the one in 
the epicenter area , where the displacement reaches 
50 em. 
4. 2 Strain field 
According to the surface dilatation-strain map that we 
obtained for the earthquake ( Fig. 4) , some complicat-
ed co-seismic increases occurred in most region of the 
earthquake fault' s hanging wall. The calculated maxi-
mum dilatation strain reaches 4 X 10-4 , appearing in a 
large region from the Japan trench to the east boundary 
of the fault model. 
As a result of the boundary effect of the fault model , 
there is an obvious negative dilatation strain belt in the 
NNE-SSW direction from Morioka to Tharaki in Hon-
shu. The dilatation strain decreases from south to 
north. The negative strain belt has the same strike di-
rection as the boundary of the fault model. 
There is a large range of positive strain area on both 
sides of the above-mentioned negative strain belt. The 
negative and positive strain areas present a characteris-
tic of stable and transitional changes, reflecting the 
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Figure 4 Calculated dilatation-strain field 
produced by the earthquake 
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viscous relaxation effect of the medium on the earth-
quake fault's hanging-wall side after the earthquake. 
The long axis of the positive strain area has the same 
extension direction NNE-SSW as the west boundary of 
the fault model. The dilatation strain changes are rela-
tively complicated near the epicentral region. The dila-
tation is positive north of the epicenter but negative to 
the south. There is a large negative-strain area from 
the Japan Trenth to the east longitude 144 °. In a large 
region from east Honshu to the trench , there are many 
regions of maximum positive strain, all of them exten-
ding in NNE-SSW direction. 
The calculated dilatation strain reflects a process of 
rapid strain release in the epicentral and neighboring 
region. To the east of the trench , there is a large range 
of extension and contraction region on the foot-wall side 
of the earthquake fault , showing the slip effect of a 
thrust fault in the subduction zone between North A-
merica and Pacific plates. 
Figure 5 shows the change of dilatation strain field a-
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long the A-B cross section of the upper crust. We may 
see a large positive strain area on the hanging-wall side 
and a negative strain area on the foot-wall side, separa-
ted by the fault plane. The dilatation changes near the 
fault plane are very complicated. The expansion and 
contraction areas show conjugated characteristics across 
the fault plane , revealing the complexity of strain re-
leased by the earthquake. 
Figure 6 shows the change of dilatation strain field 
along the C-D cross section of the crust and upper 
mantle. The result shows that there is an obvious 
boundary in the crust, about 20 km deep, where the 
dilatation strain field is discontinuous and mutation-
al. Due to the boundary conditions, the dilatation 
strain in the two ends of the section appears abnor-
mal. In the middle of the section , the dilatation dis-
plays a complicated image from 0 to 100 km depth. 
The positive and negative dilatation extreme area al-
ways occurs in the vicinity of the boundary plane. 
The dilatation strain is changeable in the vicinity of 
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this plane. 
5 Conclusions 
Figure 5 
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Prof:Ue A-B of calculated dilatation strain produced by the earthquake 
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Profile C-D of calculated dilatation strain produced by the earthquake 
1 ) The simulated swface displacement field is consist-
ent with the co-seismic displacement field observed by 
the Japanese Geonet GPS network[22J, and consistent 
with the seismogenic structure of being a huge low-an-
gle thrust fault, as obtained from seismogenesis re-
search[23J. 
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2) The co-seismic displacement field reaches far a-
way from the epicenter. 
3) The vertical displacement field is more non-ni-
form in space than the horizontal displacement field. 
4) The strain field shows discontinuous changes on 
the surface and in deep crust, as expected from the a-
dopted models. 
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